Change in patient-reported outcomes in patients with and without mechanical symptoms undergoing arthroscopic meniscal surgery: A prospective cohort study
This study uses a comparative prospective cohort design and is a secondary analysis of data from the Knee 35 Arthroscopy Cohort Southern Denmark (KACS) 18 , from which the results of the primary analysis was 36 recently published 19 . KACS is a prospective cohort study that follows patients undergoing knee arthroscopy 37 for a meniscal tear 18 . The STrengthening the Reporting of OBservational studies in Epidemiology
38
(STROBE) guideline 20 was followed to report this study.
40
Participants 41 Participants in KACS were consecutively recruited at 4 public hospitals in Denmark between February 1 st 42 2013 and January 31 st 2014 and also at 1 of the initial 4 hospitals in the period from February 1 st 2014 to Inclusion criteria: 18 years of age or older, assigned for knee arthroscopy on suspicion of a meniscal tear by 45 an orthopedic surgeon (i.e. based on clinical examination, history of injury, and MRI if considered 46 necessary), able to read and understand Danish, and having an e-mail address.
Exclusion criteria: no meniscal tear at surgery, previous or planned anterior or posterior cruciate ligament 48 (ACL or PCL) reconstruction surgery in either knee, fracture(s) in lower extremities within 6 months before 49 recruitment, or inability to reply to online questionnaires because of mental impairment.
50
In total, 150 patients aged 40 or younger (younger cohort) and 491 patients aged 41 or older (older cohort) 51 who replied to the baseline questionnaire and had a meniscal tear at surgery constituted the baseline cohorts 52 of this study (Fig. 1) . At 52 weeks follow-up, 29 (19%) from the KOOS symptom subscale 21 : "Thinking of your knee symptoms during the last week -Does your 85 knee catch or lock when moving?" with response options ranging from 'never' to, 'always'. Patients were 86 classified as having mechanical symptoms unless replying 'never' to this question.
88
Symptom onset and duration of symptoms 89 Symptom onset was assessed with the question: "How did the knee pain/problems for which you are now 90 having surgery develop? (choose the answer that best matches your situation)" with the response options:
91
"The pain/problems have slowly developed over time", "As a result of a specific incident (i.e. kneeling, 92 sliding, and/or twisting of the knee or the like", and "As a result of a violent incident (i.e. during sports, a 93 crash, or collision or the like)".
94
Duration of symptoms was assessed with the question: "How long have you had your knee pain/problems for 95 which you are now having surgery?" with response options ranging from "0-3 months" to "more than 24 96 months".
98
Structural pathology and unstable tears 99 Information about meniscal pathology and cartilage damage was recorded by the operating surgeon at 100 arthroscopy. A modified version of the International Society of Arthroscopy, Knee Surgery and Orthopaedic 101 Sports Medicine (ISAKOS) classification of meniscal tears 28 was used for the classification of meniscal 102 pathology (i.e. tear type, tear location, etc.) and the International Cartilage Repair Society (ICRS) grading 103 system 29 was used for classification of cartilage lesions. Data from questionnaires were transferred from paper format to electronic format by automated forms processing, which has been validated as an alternative to double entry of data 30 . 
110
The main outcome (between-group difference in KOOS 4 change score from baseline to 52 weeks for 111 younger patients) was analyzed using a mixed linear model (restricted maximum likelihood estimation 112 (REML)) with patients nested within surgery site as random effects, and group (mechanical symptoms vs. no 113 mechanical symptoms) and time (baseline, 12 and 52 weeks) as fixed effects. Adjusted models included age, 114 sex and body mass index (BMI) as potential confounders. We did not adjust for structural pathology findings 115 at arthroscopy, as these may be part of the causal pathway causing the mechanical symptoms. The same 116 analysis approach was used for all secondary KOOS subscales separately and for the between-group 117 differences in KOOS 4 and all 5 KOOS subscales for the older patients.
118
For all models, the underlying assumptions for mixed linear models were assessed using residual plots and 119 kernel density plots.
120
Sensitivity analyses were conducted to assess the robustness of results using alternative definition for 121 classifying patients with or without mechanical symptoms (i.e. mechanical symptoms if replying 122 "sometimes" to "always" and no mechanical symptoms if replying "rarely" or "never"). In addition, because 123 ceiling and/or floor effects could occur for the chosen outcome, we conducted sensitivity analyses using 124 mixed linear tobit regression with the same random and fixed effects as in the primary analyses to take this 125 into account.
126
As additional analyses including only patients reporting having mechanical symptoms prior to surgery and 127 with complete data at 52 weeks follow-up, we compared the difference in KOOS 4 change scores from 128 baseline to 52 weeks between patients having their mechanical symptoms alleviated at 52 weeks and those 129 who did not. This was done for the younger and older cohort separately using the same statistical approach M A N U S C R I P T Supplementary Table II ). This was consistent for all KOOS subscales (Table II , Supplementary Table II 
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150
Among older patients (>40 years), little difference in improvement in KOOS 4 score from before surgery to 151 52 weeks after surgery was observed between patients with and without preoperative mechanical symptoms 152 (Table III) , hence the difference in KOOS 4 scores observed before surgery remained at 52 weeks between 153 older patients with and without preoperative mechanical symptoms ( Fig. 2 , Supplementary Table III 
157
Only in the KOOS symptoms subscale, older patients with mechanical symptoms had a significantly greater 158 improvement than those without mechanical symptoms (adjusted mean difference 8.6, 95% CI 5.2 to 12.1) 159 (Table III) . In sensitivity analysis, using an alternative cut-point for classifying presence of mechanical M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 7 IV and V). Also in sensitivity analyses addressing potential ceiling/flooring effects results were similar as for 162 the primary analyses ( Supplementary Table VI and VII) .
163
Among patients with preoperative mechanical symptoms and complete follow-up, a larger proportion of 164 older patients compared with younger patients had their symptoms alleviated (136/221 (62%) and 37/71 165 (52%), respectively). In both the younger and older cohorts, those alleviated of mechanical symptoms at 52 166 weeks follow-up had greater improvement in KOOS 4 scores from before surgery to 52 weeks after surgery 167 than patients not having their mechanical symptoms alleviated at 52 weeks (adjusted mean difference 20.2, 168 95% CI 12.7 to 27.8 and 16.4, 95% CI 11.7 to 21.1, respectively) ( Fig. 3 , Supplementary Table VIII 
172
Discussion
173
We investigated if preoperative self-reported mechanical symptoms were associated with greater 174 improvement after arthroscopic meniscal surgery in patients with or at high risk of knee OA 1-4 . We found 175 that self-reported mechanical symptoms prior to meniscal surgery were common and associated with worse 176 preoperative patient-reported outcomes in both younger and older patients with a meniscal tear. However, for 177 younger patients this preoperative difference in patient-reported outcomes was absent at 52 weeks after 178 arthroscopic meniscal surgery due to greater improvement in KOOS 4 scores in patients having preoperative 179 mechanical symptoms. In contrast, only little difference in improvement in KOOS 4 scores following 180 meniscal surgery was observed between older patients with or without self-reported mechanical symptoms.
181
Knowledge about the natural time course of patient-reported outcomes after meniscal surgery for patients 182 aged 40 or younger with traumatic meniscal tears is scarce, as previous studies have mainly included middle-183 aged and older patients with degenerative meniscal tears 8, 13 . In this study, younger patients with mechanical 184 symptoms had greater improvements in KOOS 4 and KOOS subscale scores than younger patients without 185 mechanical symptoms, corresponding to a difference of 8 points or more in KOOS scores. Differences of this size are typically considered to be clinically relevant 31 . Importantly, the improvements for younger patients without preoperative mechanical symptoms were considerably less than the improvements observed in 
191
Among older patients, preoperative mechanical symptoms were not found associated with greater 192 improvement in patient-reported outcomes, except for the KOOS symptoms subscale. This is generally in 193 line with findings from previous randomized controlled trials and cohort studies on middle-aged and older 194 patients 13, [32] [33] [34] . In fact, one of these studies found preoperative mechanical symptoms to be negatively 195 associated with improvement in pain 13 .
196
Notably, KOOS scores in both the younger and older patients at 52 weeks after meniscal surgery were still 
206
Having preoperative mechanical symptoms alleviated at 52 weeks after arthroscopic surgery was associated 207 with substantially larger improvements in patient-reported outcomes in both age groups. However, because 208 older patients without preoperative mechanical symptoms, and thus no potential for being alleviated of such 209 symptoms, had the same improvements as those with preoperative mechanical symptoms, the alleviation of 210 preoperative mechanical symptoms may just be a part of the general improvements in symptoms in these 211 patients.
212
This study has some limitations. Due to the observational nature we are unable to draw conclusions observed larger improvement among younger patients might be a result of greater potential for improvement M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 9 compared to younger patients without mechanical symptoms and/or regression to the mean 36
216
The exposure in this study (i.e. having preoperative mechanical symptoms) was based on the response to a 217 single KOOS symptoms subscale item, which was also a part of the outcome measure (i.e. KOOS 4 and 218 KOOS symptoms subscale). This may have contributed to worse preoperative scores in KOOS symptom 219 subscale and KOOS 4 in patients with mechanical symptoms and thus have had an impact on the difference in 220 improvements between patients with and without preoperative mechanical symptoms. However, as 25 items 221 in total contribute to the KOOS 4 score the influence of one item is likely marginal. Furthermore, worse 222 scores on the 4 other KOOS subscales support the notion that patients with mechanical symptoms truly 223 represent a subgroup with more severe knee problems.
224
The definition of mechanical symptoms in the literature is vague 10 , and to our knowledge no gold standard to 225 assess mechanical symptoms, or generally accepted definitions of such symptoms exist. Yet, symptoms such 226 as catching and locking have been suggested to constitute two distinct forms of mechanical symptoms, 37 227 hence optimally should have been differentiated between in the present study. In addition, we defined 228 presence of mechanical symptoms using an arbitrary cut-point, which may have affected the outcomes.
229
However, sensitivity analyses using an alternative cut-point did not change the overall interpretation of the 230 results.
231
At 52 weeks loss to follow-up among the younger and older patients was 19% and 10%, respectively.
232
Younger patients lost to follow-up self-reported significantly poorer on three of the five KOOS subscales 233 before surgery compared to patients who remained in the study. However, the use of mixed linear models 
238
In conclusion, we confirmed previous findings that preoperative mechanical symptoms are not associated with greater improvement after arthroscopic meniscal surgery among older patients (>40 years). However, patients with and without mechanical symptoms the difference in KOOS 4 scores were significant at pre-10 surgery (p<0.001), but not at 52-weeks follow-up (p=0.293). Between older patients with and without 11 mechanical symptoms, the difference was significant at all time points (p<0.001). 
